VB AER
Acta Physica Sinica
ISSN 1000-3290,CN 11-1958/04

MEFIR

Acta Physica Sinica

(WEAR) M E R

H - 375 BF AT O B A6 12 R 2 T PR R L A

= TRCE, JEF, AN, B, XKZE, S

WM& E R HE:  2024-05-10

g1 g TR, EF, AR, BFH, XHKZE, SN, 3F B AT OC 1 B A

PR A BEOUT FC[J/OL]. PR,
https://link.cnki.net/urlid/11.1958.04.20240509.2128.002

@n(rr@;»e«]

www.cnki.net

PEEE R TEgEM TAERAE T, Rt NGB H R EL SR ER . HEoEfa. B0 €S
B. FHEWRBARCESH S, HildET . FmAH RETIAR M. HREfETE R e iz
TRl CRUAEM L IR HERE RaE, TR E AR B BRI . B e R R
FRAES 45 W DU 8 O e (0 BRI S R BV S 1 o S P e i 0 4% 11 R R iE A B B 4
MR FLZG) A CHTIH B EE ) A RE: AR AR B BRI BEEMEREEE, 764
BT T SO LR, AAETE S AR AN AT g S A AT s Rt 4 228 B B A A 1 5 DR 5 T G
MR E AR R, EFE NS —IVEIE S 07 9 87 AT BE VR E TR A Kt B AR5
DR E R 2% R i, SRR — AR AT, ARESOLSGEE |« 1EE . HUAFRAI R N2,
AL BT R R AT > B B L

HARFIN: 400 AR Ed S (R EEAREIT OsfiO) BFREHARARZY, £ (FE
FARIAT (MZIO) HRERE & LA S 40T T 9 A — S 45 i, DL RS s A O 20, 78 BRI
AR /T RS SO A e R HERCE R . B e R . B o E AT (2RO ) 2 5 H
R B A RV A P 4 S T AR (ISSN 2096-4188, CN 11-6037/2), it A2 2y HAFII 4 W0 28 hix L 0 28
RSN TE AR -



2024-05-10 17:39:27
https://link.cnki.net/urlid/11.1958.04.20240509.2128.002

iZERA A FF < AU B B8 mr s R I HE 3k I BB W R e i 31
FRE EH" A#E" RA" AkE AWE"
1) (WUNNRZEHFEE%B, BER, 610065)

2) CRERERI - B 118 B a=be, R, 611731)

wmE

e A PRI B R 1) N A NS, W RAOGIE M
LB i T 8 AT I 5% 1R 0 i FL B O A, Rk [R] I 75 22 FL L 22 RO )
FeE i RAA EE TN AN E . A CHHBSEERRaE, 2t 7
— g W AT O O FELRE B AR B TR R . RIS S B A IR v
T B I 5%, RIS B & Q IR AR k#3810 (FSS) &5 M1t
SRR 8 T R SRR . 1% FSS S50t =2 MR, HhIA]Z N SR
S IEIR PR (PMMAD, TRRARZE A HE e (PDMS), HA
Hik A BB Q BUOEE 8Os E RS R, T
FSS £ A6 A3 258 0 157 A 23 PR S D 3 215 IR A « X2 Q Yol 1E it
AT SRS 2 & BT AN I e L P &, [l SEE 18.1 GHz BAF (&
P. L. S. C. X Ml Ku 3B HTET T, HEA &L 80°HI1k
A RSBV BT I FSS FLRA B iz 45 14 537G 81% I TR AR R 78 7 2 e »
ARG RAFHDGFE I . i 7 Jak5 TE M1 TM PR ElAG 7 20T 1Y)
SR REARIS R, RN 1 Bt S i) 1R 5 BEL e 0 vy A B A E 1
BLER . S0 Frise v S5 A b AT ) A1 SL e A, IIAZE SR 5 07 et REEARW)
Ao BE 7P FSS S AL R i T FL R 5 R e
KPR FREBRIN, MFIEFERI, WAEE, JLEW, AR
PACS: 42.25.Bs, 42.25. Ja, 78.20.Ci
HE: ERARPEESXIBAH K REREESIUE JES: U22A2015)

VU148 BT B B A 50 H (24GIHZ0386) 5% B iR
PO )IR 2 B =R A /E D H (2020CDYB-31)

T L HE AR E-mail:

EINN#E liping_yan@scu.edu.cn

JE# ypzhoull@scu.edu.cn

%—/F#. E-mail: chengrong wang@126.com

1 8 &
PR LRI (FSS) A2t iR K S5 A4 B e e SN HE 210 1 A — 42, X
N B b R R S I E R ) A TR SRR, AR R, R ER AL,

HETPE (EMD #1755 2 MU BAT 2N . 5 @M bRl EL, FSS



JiF i 2 A0 SE AR AT R AR e 6, AT N FH AR 18 B I DA A G HL i 22 4 B
@R, WMEAERYE ACU). HEtl . ZERKE . FHBOEA R H LA i)
it S84 T S v A PR DR B 0 VR e L R BN R, 3 B I R )
BENEESINES, BRICAESR BB BRI [ B, 75 258 P8 =B AN 6. B
B RLEARFTEIEEAR MWL, #8580 BB i s Wi /& ok H a3 . B
Wb, BeTh—Ph i B 5 R DR iR A L B M

AER, CAVFZARECH T BT (EMD 610505 AR PR
T (FSS) St ucitt™>200 —figs F g 2 B FH 2 I 3 s A k), 3] il i AR 44 K
24 (AgNW) BEAHY (ITO) KEBLEM BEMk. Yang 55 N HIHRAIK L% Y]
MR T A 81.6%1E B EEH) FSS 45, 1£0.71 ~1.25 GHz 1 1.73 ~2.16 GHz
o) & e P R A R A O, ST GSM SE: EMI (18 %5t . Zhang 55 A
FIH 1TO HilfE FSS Wediefd, id i s ek SE R AN 7.8 GHz 21| 18.0 GHz 3% B
B RS 53— R o7 SRR A FSS M vt v A A A o AR 58 4y i
M, I BT RIS 7 KRS I E W . 4, Dewani 55 AR H 22 1 ElV I
ACKG T BELE T S 04 FSS S5 ENRIZE B8 b, £E 1.5 & 2.5 GHz SRBCSEILFEAR

BRI, BRI, 40605 B FSS Bei AT LA RO 4 8 S BB UL 2 = AT
Bi) EMI, {H ik = RS #0856 i JE 1 (5% Py L. S Cv X BAJZ Ku BB
EMI [ B BR il s i

B TCLHTH AR NI R, X 2 T RS H R RS AR TR R, R

B FLTEE e B A TR S5 B BB ST 1 SR LD RS L. W TR

LB AT 7T, H AT B EE TN 2 R RORSEILTE AT B ER 24, Habib
S & Nl 2 2 K& il FSS Ji IR EE To S8l 7 Sy C X AIER ) % iy ity
BN, Xu, ST 58 N = 205 FSS 4552l 1 /AL & 7.34 GHz ~ 15.0 GHz

) 98 BEL s 22T P R E B A T YR B 3R] SR AT AT I A A 252, ROk



— oK PIN AR TF G, I Sod@ b i P AR A 52 L FSS %o e sk
RIS IR T RE, U SOV AR S8 I 2 oy S S R AT LRI 38 T R 8 DU 2
FIASHLAY AR . MU SIE . BRAUARSE S BE FT Y, a0 AR 22 (LA
AP R FSS LA %) HORAB ISR BE (AR A 55 o ARTTT, LB 1 S5 44 5K
HANY 5 FSS k5, FI R ARR 2 (WP FSS Z50 S B s, 2T
A7 PS8 00 FL VR 7 1 R A I B P, XSG FSS AR T R
R, HFEFSS SICai iy AN I B X ARG . — RS = IS SR
SRR G SEANZ EN B R AGETE S, RS R iE FSS 454, 1Bt UI#t
WAERTENE, SEELTAEMBAE C A Ku B B RIS, ] ORI RS
SIBIENG BRI RT)6E, Vi FSS S5MRIEIThAE, 141 Ghosh S &8 N4
EGaln JE FSS 45 ffuilie, SEl4sid 2] il (TE thik) /4 (TE. T™M Ak
(R DIH32) X R F A G @ S L 1 T s R oG, AL E B PDMS 3
3, HEHSWEESICRE SR X D, BB . 4 LR,
LS B I AT IR TR BHA FSS SEMIBIRT SRR, (H MR WL B T 95T
HE 137 W 8 BT FSS S5 M i iE

S, ARSORIFHRAS & J@ AR AN, B 37 W] S O 5 e R A 1
Wi HE . (EBTHASE (EGaln, HEET 75%5%, 25%H) MiRta) el

BRI BERITT G, FIHIL SRR ERE Q JE FSS 4541 TS Il o
LT 0 P R (R VA R kR e o IX R FSS £ M 1E RE VI i D5 vk 8 4 T A% GE vl T
5/ WL E FSS G546 i WLE PIN W AE  wT AR s AR S ARIE W e R RO
Jk/NT PSS BICEE MR ANE B XA, 319 T RAEFROGE BN, i T IF
JKIFER TR BT FSS Z5M 520 2 e e B AR Bt T 25 2% .

2. W FFRBFEFHAFEHEH FSS it
WIHTSCHTIAR, Bt [N s A2 Dty « 338 B A ] T e I FSS HL L B iR 13 11 B A



TRRPRE . SCARR I A RANRAS S8, B T — R B 503 B rT G
BTGP AT FSSEi e . X4 E =R @AM R 1), HiEZPMMA
FE A SCHEMBEPIILE AR, T2 REZ 2 NPDMSE, A A fhils 4R
TBIHIQARHEEE (E1(b)). A T HRIEFSSE M ALFRE M, #ZPDMS H (1%
BB M IEAS S A AEPMMA JZ B o VA5 4 8 FAEORE B o J0 2 Mk 1 A 0L
(EGaln #ZHE1H75%5, 25%H) . 8 EROBTE P ENRS SR, 45147 L
M A AR P D) B B RS . FSSERTTESH Hh Fir G AR FEBERR PE S BN R 1T R

A HIPMMARIPDMS HIRAE A IEYIS 458 0.002510.065.
R 1 FSS Hyngha pir & Mk B RER 1 S 40

Table 1. Electromagnetic characteristics of the materials contained in the FSS unit
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Fig. 1. Geometry of the proposed FSS structure: (a) Perspective view of the unit cell; (b)
Schematic of liquid metal flow in a single layer of PDMS; (c) Evolution of the proposed FSS

structure.
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Fig. 2. The transmission coefficient of the proposed FSS in terms of (a) distance s and (b) the

liquid metal thickness 4.
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Table 2. Value of parameters in the unit cell
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Fig. 3. The transmission coefficient for different scenarios.
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the proposed three-layer FSS structure; (b) Summarized ECM of the proposed FSS; (c)

Comparison of transmission coefficient between ECM and Full-wave Analysis.
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Fig. 6. The reflection coefficients and absorptivity of the proposed FSS with respect to incident
angles for TE (a) and TM (b) polarizations.
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Table 3. Parameters value for TE polarization
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60 12 -14.9 -17.01 765.1 -290.3 754
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Fig. 7. The power loss density of the proposed FSS at the specific frequencies for TE and TM

polarizations: oblique incidence of 80<a) and (b), and 60°(c).
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Table 4. Performance comparison of our design with what of reported FSSs
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Fig. 8. Overview of the fabrication process. (a) Metal mold. (b) The PDMS mixture. (c) Pull the
solution into the mold. (d) Demold. (e) Inject liquid metal (EGaln) into the microchannel. (f)

Beautiful scenery seen through the proposed FSS.
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Fig. 9. Measurement setup. (a) Sketch. (b) Photograph through the proposed FSS.
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Fig. 10. Comparison between simulated and measured |Sz1| of the proposed FSS at normal
incidence for (a) TE and (b) TM polarizations.
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Fig. 11. Comparison between simulated and measured |Sz1| of the proposed FSS at different
incident angles for (a) TE and (b) TM polarizations.
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Switchable and Optically Transparent
Ultrawide Stopband Frequency Selective
Surface for Electromagnetic Shielding®
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Abstract
Given that high frequency electromagnetic waves primarily enter buildings
through windows and glass doors, there is an increasing need for switchable
optically-transparent shielding with broad stopband. Herein, A novel design
for a switchable and optically transparent frequency selective surface (FSS)
with ultrawide-stopband is presented in this study. The structure consists of
a polymethyl methacrylate (PMMA) layer sandwiched between
polydimethylsiloxane (PDMS) layers which contain liquid metal
microchannels arranged in an orthogonal Q-shaped configuration. The
mobility of the liquid metal allows for switching the FSS response from an
all-pass to an ultrawide bandstop behavior. The proposed FSS achieves a
rejection bandwidth of 18.1 GHz that covers P, L, S, C, X and Ku bands,
while maintaining a transparency of 81% and high angular stability up to
80°, regardless of polarization. Furthermore, the mechanism underlying the

ultrawide stopband and high angular stability is explored through an



analysis of reflection and absorption for both TE and TM polarizations.
Experimental validation under both normal and oblique incidence

demonstrates the ultrawide-stopband performance of the fabricated FSS.

Keywords: electromagnetic shielding, frequency selective surface (FSS), liquid

metal, optically transparent, switchable
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